The impact of malnutrition on survival in AIDS was evaluated by examining the magnitude of body-cell-mass depletion as a function of time from death. Body cell mass was estimated as total bodypotassium content and determined by whole-body counting. There was progressive depletion of body cell mass as patients neared death. The extrapolated and observed values for body cell mass at death were 54% of normal. Body weight had a similar relationship to death, with a projected body weight at death of 66% of ideal. We conclude that death from wasting in AIDS is related to the magnitude of tissue depletion and is independent of the underlying cause of wasting. The degree of wasting seen in this study is similar to historical reports of semi-starvation, with or without associated infections. This observation suggests that successful attempts to maintain body mass could prolong survival in patients with AIDS . . . . . Am J Clin Nutr 1989:50:444-7. 
ABSTRACT:
The objective of this study was to assess the utility of bioelectrical impedance analysis (BIA) in determining nutritional status in critically ill patients in the intensive care unit (ICU). Data were collected prospectively in 33 mechanically ventilated medical and surgical ICU patients requiring nutrition as part of their care. BIA, was subsequent calculation of body composition indexes, was preformed every other day for the duration of ICU stay. Body cell mass (BCM) changes correlated with energy and protein intakes (r 2 0.87, P< 0.001 and r 2 = 0.67, P < 0.001, respectively). Maintenance of BCM was achieved by a daily provision of 125.5 kJ. kg -1 .d -1
(30 kcal . kg -1 .d -1 ) and 1.5 g protein/kg whereas greater intakes allowed restoration of BCM. The mean ratios of exchangeable sodium to potassium (Na e :K e ) improved only in patients achieving positive nitrogen balance (P = 0.013). Body-composition changes determined by BIA represent a feasible adjunctive method for evaluating and monitoring nutritional status in ICU patients. . . . . . Am J Clin Nutr 1993; 57:840-4., 
printed in the USA

BACKGROUND
Estimates of daily postoperative fluid balance usually rely on properly recorded inputs, outputs, and daily weights or clinical signs. These may be imprecise (when poorly done) and are often considered tedious to perform.
METHODS
We've used bioelectrical impedance analysis (BIA) to assess changes in body water shifts in cardiac after surgery. Nine consecutively admitted patients undergoing coronary artery bypass (seven men and two women; age range 43 to 67 years) were studied. Body weight, fluid intake and output, and BIA variable (resistance and reactance) were measured daily. Relationships between body weight and changes in resistance and reactance and net change in fluid balance (in liters per day) were evaluated statistically by regression analysis.
RESULTS
Mean body weights changed significantly reflecting early operative fluid accumulation and later postoperative diuresis; net fluid balance correlated poorly (r = 0.48; p < 0.05) with body weight, whereas both resistance (r = -0.82; p < 0.001 and reactance (r = -0.92; p < 0.0001) correlated highly with net fluid balance.
CONCLUSIONS
BIA is useful as an accurate, rapid bedside method for assessing changes in hydration status sequentially after surgery in cardiac patients with complicated fluid shifts. . . . . Surgery 1992; 112:502-8 .
Perioperative monitoring of total body water by bio-electrical impedance in children undergoing open heart surgery
T. Maehara, I. Novak, R.K.H> Wyse, and M.J. Elliot
ABSTRACT
Knowledge of the changes in total body water (TBW) following cardiac surgery (OHS) in children would be of va lue in fluid therapy and in researching the causes and management of capillary leak. We have validated a bioelectrical impedance technique (BEI) for non-invasive estimation of TWB in children after OHS. We report the use of this method in a longitudinal study. Twenty patients (mean age 4.7 years ± 3.5 SD), mean weight (WT) 16.2 kg ± 1 kg) undergoing a variety of complex OHS procedures were studied from 1 day preoperatively to 4 days postoperatively. Anesthetic and basis bypass (CPB) techniques were uniform. Six patients underwent CPB at less that 20°C, 10 at 20° -25°C and 4 at 26° -33°C. TBW (BEI), core (ctemp) and peripheral (ptemp) temperatures and fluid balance (TFB) were recorded at frequent intervals. TBW (by BEI) rose (P<0.001) following CPB in all patients from 62% ± 9% (SD) body weight preoperatively to 73% ± 13% in the ICU (an increase of 11% ± 5%). TBW remained significantly elevated until the 3 rd postoperative day. Multivariate analysis (MVA) confirmed that TBW was significantly related to TFB, but not to ctemp or ptemp. MVA also revealed smaller patient size (height and weight), younger age and longer CPB time as incremental risk factors for the rise in TBW. Conclusions: (1) BEI permits the non-invasive study of TBW in children after OHS, when TBW variation may be considerable. (2) The smaller the child and the longer the CPB, the greater the rise in TBW. (3) The technique should be a valuable tool in researching the major water fluxes associated with CPB in children. . . . . Eur J Cardio-thorac Surg (1991) 5:258-265) Is the impedance index (ht2/R) significant in predicting total body water?
1-3
Robert F Kushmer, Dale A. Schoeller, Carla R. Fjeld, and Lynn Danford 
ABSTRACT
We investigated the general utility of bioelectrical impedance analysis (BIA) and the implications of BIA theory in populations of various ages from infancy to adulthood by developing a single impedance equation. Four subject data sets representing 62 adults, 37 pre-pubertal children, 44 preschool children, and 32 premature low-birth weight neonates were combined. Subjects were randomly divided into a development group (n = 116) and a cross-validation group (n = 59). The single best predictor of total body water (TBW) was height 2 /resistance (ht 2 /R). which explained 99% of the variation in TBW (SEE = 1.67 kg). The addition of weight reduced the SEE to 1.41 kg. A significant bias was only seen in the preschool children. These results were confirmed in the cross-validation group and the best prediction formula as TBW = 0.59 ht 2 /R + 0.065 wt + 0.04. We conclude that the impedance index (ht 2 /R) is a significant predictor of TBW and that there is some improvement in prediction of TBW by inclusion of a weight term. . . . Am J. Clin Nutr, 1992; 56:835-9 .
Estimation of Body Fluid Volumes Using Tetrapolar Bioelectrical Impedance Measurements
Henry C. Lukaski, Ph.D., and William W. Bolonchuk, M.Sc. Mathematical equations using tetrapolar bioelectrical resistive (R) and reactive (Xc) impedance measures were developed and cross validated to predict total body water (TBW) and corrected bromide space (CBS) in two independent samples (n = 110). Height 2 per low R was the best predictor of TBW (R = 0.96) and CBS (R = 0.92). When the influence of TBW was removed from CBS and dependant variables, height 2 per low Xc was the best predictor (R = 0.50) of CBS. Double cross validation of each sample showed that observed and predicted TBW (R = 0.978 and 9.986) and CBS (0.937 and 0.907) were significantly related (p<0.001), and there was no difference (p>0.05) between the values. The lines representing the relationships between observed and predicted values had regression coefficients not different than the line of identity. Data from both samples were combined to give a representative multiple regression equation to predict TBW and CBS. This study establishes the validity of the tetrapolar bioelectrical impedance method to assess body fluid volumes in humans. . . Aviat. Space Environ. Med., 1988; 59:1163-9 
ABSTRACT
The objective of this validation study was to explore bioelectrical impedance analysis (BIA) as a way to assess nutritional status and body composition. The study was done in the outpatient department of the AIDS unit at University Hospital Dijkzigt, Rotterdam, The Netherlands. Eleven clinically stable patients with AIDS were studied. Total body water, body fat, lean body mass, and body cell mass were measured and calculated with multiple dilution techniques and BIA. With linear regression analysis, a strong correlation was found between total body water and lean body mass derived from BIA and multiple dilution techniques (r 2 = .96 and .98, respectively), and slightly weaker correlation was found for body cell mass and body fat (r 2 = .88 and .76, respectively). These results suggest that BIA is a suitable method for the assessment of body cell mass in HIV-infected patients without opportunistic infections. The technique is safe, non-invasive, fast, and inexpensive. . . . Journal of Parenteral and Enteral Nutrition 17:404-406, 1993 Bio-impedance monitoring of re -hydration in cholera J.J. McDonald, B. Chanduvt, G. Velarde, R. Cama, F. Diaz, L. Carrillo, V. Torre, J. Watanabe, J. Villarreal, A. Ramirez-Ramos, R. Mantle, and R.H. Gilman Measurement of bio-impedance (BI) is a simple non-invasive technique that relies on the different conductivity of tissues to define body composition and can be easily adapted to automated monitoring. We assessed the accuracy of BI in monitoring re-hydration and acute fluid fluxes in 35 Peruvian cholera patients. Patients were monitored throughout the acute phase of diarrhea and followed up at 3 and 10 days. BI was compared with other objective measures of dehydration including packed cell volume, serum protein, and calculated fluid balance. BI rapidly detected inadequate treatment and acute fluid flux, correlating highly with intra-vascular hydration as measured by serum protein and packed cell volume. BI values during dehydration were significantly raised compared with 10-day convalescent values and agematched controls (p<0.05). We also encountered an unexpected difference in the bioelectrical response to dehydration and re-hydration between sexes. We conclude that BI has uses in monitoring dehydrated patients, in oral rehydration trials, and in physiological studies. . . . Lancet, 1993; 341 1049-51 
Background: Loss of lean-body mass has been found to be predictive of death from wasting in HIV-infected individuals. Several clinically applicable, noninvasive methods for estimating body wasting are available, but the comparability of these methods is not kno wn. The objective of this study was to assess the agreement between estimates of lean-body mass in HIV-infected men. Methods: Lean-body mass was measured by bioelectrical impedance assessment, by prediction equations that used anthropometric measurements, and by total body electrical conductivity as the comparison method in 27 outpatient HIV-infected men seen at the Houston Veterans Affairs Special Medicine Clinic. Agreement was assessed by comparing the difference between two methods (the bias) with the mean of those two methods. This statistical approach evaluates whether two methods are similar enough that measurements from one might accurately replace those of the other. Results: The mean ± SE for the lean-body mass were 55.98 ± 1.96 kg for total body electrical conductivity and 55.18 ± 1.27 kg for bioelectrical impedance assessment; they ranged from 55.18 ± 1.27 to 63.71 ± 1.89 kg for the prediction equations. Conclusions: In individual subjects, no alternate method gave estimates of lean-body mass that were the same as estimates from total body electrical conductivity. One prediction (Brozek) gave estimates that might be useful for following changes in fat-free mass over time because the bias did not change substantially for increasing values of lean-body mass. On the other hand, because there were no statistically significant differences between the mean lean-body mass estimates by total body electrical conductivity and those measured by bioelectrical impedance assessment of a prediction equation of the basis of body mass index, the latter two methods might be useful in assessing lean-body mass in groups. . . . Journal of Parenteral and Enteral Nutrition 19:28-32, 1995 Body composition by bioelectrical-impedance analysis compared with deuterium dilution and skin fold anthropometry in patients with chronic obstructive pulmonary disease 
Fundamental aspects of the body impedance analysis (BIA) method were investigated to determine limitations. This method measures body impedance with a low-level (800 π A) 50-KHz current conducted through the tissues. A linear regression equation was proposed to relate impedance measurements to total body fat. The hydrostatic densitometric method (underwater weighing) was used to validate the proposed mathematical expression. A correlation coefficient of 0.98 between these two methods was obtained. The overall results from this study indicate the usefulness of the BIA method in determining percent body fat in humans provided body fluids are not perturbed several hours before the measurements. . . . Am J Clin Nutr 1998; 47:789-92 .
The Predictive Role of Bioelectrical Impedance Analysis (BIA) in Postoperative Complications of Cancer Patients:
Fritz; Hollwatth, I; Romaschow M; Schlag P.
ABSTRACT
The correlation between body composition measured by bioelectrical impedance (BIA) and postoperative complications in 115 patients with gastrointestinal cancer was analyzed. A significant increase in server complications was found independent of lean body mass (LBM). In patients with LBM below normal range the complication rate proved to be 31% (17/55), whereas patients with normal LBM had a complication rate of 10% (6/60). Other decisive factors, such as sex, age, tumor stage, operative procedure and body height were equally distributed in both groups. The 
The assess whether BIA yields reliable information for evaluating the nutritional status in hemodialysis populations we compared the BIA results with anthropometric measurements (MAMC), urea appearance rate (UAR), serum albumin and subjective global assessment (SGA) obtained concurrently in 108 patients on Renal Dialysis Treatment. Among the data provided by BIA we chose the Body Cell Mass (BCM), as estimate based on height/resistance factored by the phase angle, because in a preliminary study on 25 patients it showed the best correlation with urea distribution volume (.92) and creatinine appearance rate (.89), both calculated from total serum dialysate for 6 consecutive dialysis sessions. BCM correlated significantly (p<.01) with serum albimin (r=.37), MAMC (r=.56), URA (r=.56) and appeared to be the best predictor of the SGA score. Taking the 10 th percentile of the healthy populations the cut-off point, ie.; 23.7 Kg for male and 17.2 Kg for female (values derived from 238 healthy subjects) BCM detected 17 of 21 grade two patients (moderately malnourished and 10 of 10 grade three patients (severely malnourished) in the SGA score, with an overall sensitivity of 96%. The data suggest that BIA is a useful tool for evaluating the nutritional status of dialysis patients.
Early changes of body composition in human immunodeficiency virusinfected patients: tetra-polar body impedance analysis indicates significant malnutrition 1-3
Michael Ott, Bernhard Lembcke, Harald Fischer, Regina Jager, Hatice Polat, Helmut Geier, Monika Rech, Schlomo Staszeswki, Eike Brigitte Helm, and Wolfgang F. Caspary 
ABSTRACT
Total body water, body fat, body cell mass (BCM), extracellular mass (EMC), and the EMC-BCM ratio by impedance analysis were determined in 193 human immunodeficiency virus (HIV)-infected patients and 340 control subjects. Walter Reed (WR) classification was WR 2 in 26. WR 3-5 in 85, and WR 6 in 82 patients. Whereas resistance was increased, reactance and the phase angle were significantly reduced in all patient groups. Neither body weight nor body mass index (BMI) was affected in WR 2 patients, but BCM was reduced (31.9 ± 4.3 vs 35.8 ± 7.3 kg, P < 0.007) and ECM (31.2 ± 4.4 vs 28.8 ± 3.8 kg) as well as ECM-BCM ratio increased (0.99 ± 0.14 vs 0.83 ± 0.16, P < 0.001). In contrast to WR classification, diarrhea did not correspond with malnutrition. A loss of BCM (malnutrition) occurred already in otherwise symptom less HIV-infected patients (WR 2). This effect can be measured by tetra-polar impedance analysis but not by body weight of BMI. . . . . Am J Clin Nutr 1993; 57:15-9 .
Accuracy of Bioelectrical Impedance Analysis in Estimation of ExtraCellular Space in Healthy Subjects and in Fluid Retention States
Giuseppe Sergi, Mauro Bussolotto, Paola Perini, Irene Calliari, Valter Giantin, Anna Ceccon, Flavio Scanferla, Marta Bressan, Giuliano Moschini, Giuliano Enzi 
ABSTRACT
Bioelectrical impedance analysis (BIA) is a noninvasive method recently introduced for body fluid evaluation in healthy subjects. The purpose of this paper is to verify the reliability of bioelectrical measurements in extra-cellular water (ECW) prediction in healthy subjects and in fluid retention states. We studied 40 subjects (19 males and 21 females) aged 21-81 years; 22 were healthy subjects, 12 were affected by chronic heart failure, and 6 by chronic renal failure. In all subjects resistance (R) and reactance (Xc) at 1 and 50 kHz corrected for height were compared with ECW measured by the bromide dilution method. Our results suggested a different behavior of the current in fluid-retention states with respect to healthy subjects. ECW was best predicted by resistance at 1 kHz corrected for height, group (considered as dummy variable), weight and gender (R 2 = 0.89, p < 0.001, SEE = 1.7 liters). The bioelectrical impedance analysis at 50 kHz explained the 89% of ECW variability when resistance and reactance corrected for height are considered with gender group and weight (R 2 = 0.89, p<0.001, SEE = 1.7 liters). In conclusion, the bioelectrical method at 1 kHz can be considered sufficiently accurate in ECW prediction in healthy subjects and in fluid retention states. Also, the bioelectrical impedance analysis at 50 kHz is useful for predicting ECW, but his role must be further investigated. . . Metab 1994; 38:158-165 Total body water in pregnancy: assessment by using bioelectrical impedance 
Ann Nutr
ABSTRACT
Determinations of total body water (TBW) calculated from deuterium dilution spaces and bioelectrical-impedance measurements were made serially in a group of 15 women before, during, and after pregnancy. Similar measurements were made once in a group of 50 non-pregnant women and intermittently in another group of 10 women during pregnancy and postpartum. TBW increased significantly during pregnancy, then decreased postpartum. Estimates of TBW in pregnancy and postpartum calculated with models derived from non-pregnant and pregnant women were similar to measured values. Changes in reactance and resistance explained more of the variance in predicting changes in TBW than did body weight, abdominal circumferenc e, or hematocrit (50-75% vs 4-50%, respectively). Changes in TBW estimated with the non-pregnancy impedance model were significantly different than either the measured changes or changes predicted with the pregnancy impedance model. These findings indicate that the impedance method is a practical and valid method for determining longitudinal changes in TBW. . . . . Am J Clin Nutr 1994; 59:578-85 
In this study the investigators examined alterations in body composition and the prevalence of diarrhea in HIV-infected subjects. By using tetra-polar body impedance analysis (RJL-Akern BIA 109:Data-input, Frankfurt/Main, Germany), body composition was measured in 533 subjects, including 193 men ages 21 to 70 years, who had tested positive for HIV /1 antibodies and 340 age and sex-matched control subjects. HIV-infected patients were grouped according to the Walter Reed (WR) classification of HIV disease stages.
1 Total body water, extra-cellular mass (ECM), body fat body cell mass (BCM), and ECM/BCM ratio were determined. Relative to control subjects, the body weight and body mass index (BMI) of WR 3 through WR 5 (n = 85) and WR 6 (n = 83) subjects were significantly decreased ( p < .29 and p < .001, respectively), whereas WR 2 (n = 26) subjects exhibited no decline in either body weight or BMI. However, all HIV-infected subjects including those classified as WR 2, displayed both a statistically significant decline in BCM and an increase in ECM, resulting in an increased ECM/BCM ratio. The use of tetra-polar impedance detected depletion of lean body mass in clinically a symptomatic HIV patients at the WR 2 stage who had not yet demonstrated alterations in body weight or BMI. Malnutrition can be defined as a state of decreased BCM and increased ECM. The altered ECM/BCM ratio is independent of body weight or BMI. Almost half the WR 2 patients had ECM/BCM ratios greater that those of matched control patients by 1 standard deviation. No significant depletion of fat stores was noted in any group except in the most severe WR 6 patients. When patients were classified into four diarrheal states in terms of stool evacuation, consistency, duration, and frequency, only the most severe state (patients with either more than 20 diarrheal episodes of more than 3 days duration or permanent diarrhea during the last year) correlated with the degree of malnutrition. . . . American Journal of Clinical Nutrition 57:15-19, 1993 Assessment of fat-free mass using bioelectrical impedance measurements of the human body 1,2 0.907) were significantly related (p 0.001), and there was no difference )p 0.05) between the values. The lines representing the relationships between observed and predicted values had regression coefficients not different than the line of identity. Data from both samples were combined to give a representative multiple regression equation to predict TBW and CBS. This study establishes the validity of the tetra-polar bioelectrical impedance method to assess body fluid volumes in humans. . . .. Aviat. Space Environ. Med. 1988; 59:1163-9 Determination of Upper Arm Muscle and Fat Areas Using Electrical Impedance Measurements
B.H. Brown, T. Karatzas, R. Nakielny and R.G. Clarke
An electrical impedance technique is described which enables the crosssectional areas of fat and muscle in the upper arm to be recorded. By making comparisons with measurements obtained using the x-ray technique of computerized tomography (CT) scanning it is shown that fat can be determined to a mean accuracy of 2.3 cm and muscle to a mean accuracy of 1.5 mm. These are more accurate than a parallel set of measurements made using the traditional technique. . . . Dep. Of Medical Physics and Clinical Engineering, Royal Hailamshire Hospital, Sheffield, S10 2JF, UK, Received 1 April, 1987, in 
ABSTRACT
To assess the validity of bioelectrical resistance (BR) in an obese population, body composition was determined to both hydrostatic weighing and by BR in 156 Pima Indian volunteers representing a wide range of body weight (46.1 -202.6 kg) and body composition (11 -52% fat). A predictive equation was derived by use of data on height, BR, weight, age, and sex from 130 randomly selected volunteers and was applied to the remaining 26 volunteers. When compared with the manufacturer's software, the new equation increased correlations with hydrostatic weighing for predicting percent body fat and fat-free mass (FFM) from 0.70 to 0.92 and 0.79 to 0.97, respectively. The manufacturer's software underestimated FFM by 5.3 ± 8.6 kg (P < 0.05) when compared with FFM derived from hydrostatic weighing whereas the new equation improved the accuracy to -0.1 ± 3.3 kg (NS). There were no significant effects of fluid intake (700 mL) or breakfast consumption on body composition as determined by BR. BR represents a simple and accurate way to assess body composition in Pima Indians with our newly derived equation. . . . . . Am J Clin Nutr 1991; 53:594-8. 
Total Body Water in Congestive Heart Failure
R. Subramanyan, S.C. Manchanda, J. Nyboer, M.L. Bhatia
SUMMARY
Total body bioelectric impedance technique was utilized in 50 patients with congestive heart failure (CHF) to determine total body water (TBW) before and after treatment. TBW was significantly higher in CHF as compared to normal matched controls, and the values decreased significantly after treatment. The reactance in patients with CHF was significantly altered suggesting a change in cell wall permeability, which was corrected after treatment. It is concluded that bioelectrical impedance offe rs a simple and atraumatic technique to objectivity measure in TBW and guide the therapy in patients with CHF. . . . Jr. Asso. Phys. Ind. Vol, 28, September 1980 Resistance and Capacitance in Biological Conductivity
R. Liedtke, J. Nyboer, T. Talluri, M. Singer, and M. Hammond
ABSTRACT
The accurate equivalent electrical model of a total body or regional impedance measurement will reveal the volume of fluids and tissues stored in extra-cellular and intra-cellular compartments. Mono frequency tetra-polar bio-electrical impedance analyzers measure resistance and reactance as vectors of impedance magnitude and accurately describe simple series or parallel electrically equivalent models. The complex electrical equivalent model can only be found with multiple frequencies spanning resistive and reactive vectors over three decades. However, the mathematical transFormation of a single equivalent resistor and capacitor in parallel will yield a significant improvement in prediction equations that describe intra-cellular and extra-cellular compartments at 50 Khz. Intra-cellular volume is related to electrical capacitance (pico Farads) and extra-cellular volume is related to electrical resistance. Traditional prediction equations incorporate the instruments displayed resistance and reactance values as a series equivalent model. This, indeed, is not the case when the actual model is a parallel network or resistors and capacitors. Separating or removing the resistive and capacitive components inter-dependence as a parallel network is the purpose of this paper. In addition, instrument specifications and calibration standards have to be established for precise biological tissue measurements at any frequency from 1 Khz to 1 Mhz. . . . .© copyright 1993, RJL Systems, Inc.
VALIDITY OF HIR FOR ESTIMATION HUMAN BODY COMPOSITION
R.G. Isreal, FACSM; J.A. Houmard, K.F. O'Brien*, M.R. McCammon, B.S. Zamora, and A.W. Eaton*
Near-infrared spectrophotometry (NIR) has recently been introduced for assessing body composition (MSSE 20(2):S8, 1998). The purpose of this study was to test the validity of an NIR device (Futrex 5000) by comparing it against hydrostatic weighing (HW) and 7 and 3 site skin folds. Subjects were 80 Caucasian males (x ± SD) (age, 26 ± 10.2 yrs). The NIR measurement was made in duplicate by placing the light wand on the anterior midline of the bicep halfway between the antecubital fossa and the acromion process of the right arm as specified by the manufacturer. The optical density detained was placed in the manufacturer's equation to predict & fat. Skin-fold measurements were made in duplicate on the right side using Harpenden calipers at the following sites: chest, axilla, sub-scapula, triceps, suprallium, abdomen, and thigh. Jackson and Pollack 7 and 3 site equations were used to predict body density. Body density was determined by HW, with residual volume determined in duplicate using oxygen dilution. All body densities were converted to % fat using the Sirl equation. Correlations between HW and other methods were as follows: NIR (r = .86). Mean values for % fat were: HW 12.8 ± 6.7, 7-site skin-folds 12.9 ± 6.1, 3-site skin-folds 12.2 ± significantly (p <.05) underestimated body fat when compared to other methods while HW and skin-fold methods were not significantly different. These results suggest the current NIR device using only the biceps measurement was not valid in population. Further research is warranted using multiple sites to elucidate the potential of NIR in body composition assessment. . . . Vol. 21 
ON-LINE BIOELECTRIC IMPEDANCE DURING HEMODIALYSIS: MONITORING OF BODY FLUIDS AND CELL MEMBRANE STATUS
F. Scanforla, S. Landini, A. Fracasso, P. Morachiello, R. Righetto, P.P. Toffoletto, and G. Bazzato
ABSTRACT
We have measured by a computer integrated system (BIA-109 RJL/AKERN) the changes of bio-impedance (BI) deriving from a tetra-polar system working on 800 micro-amps @ 50KHz current in 23 hemodialysed patients. Resistance (R) and Reactance (XC) have been continuously monitored during hemodialysis in each patient. Resistance was strictly inversely correlated to the decrease of body weight (r = .82). Also XC increased almost constantly. In most of the patients the increase of XC was proportionately greater than R, resulting in an increase of phase angle (PA). However XC showed a transient decrease in response to seven severe symptomatic hypotensive episodes, whereas R maintained the increasing trend, causing a sharp reduction of phase angle. As XC is an expression of storage of electrical charge by the cells acting as condensers and phase angle quantifies the active capacitive component in relation to passive electrical resistance, these parameters may be important to evaluate cell membrane function. In fact, the univocal increase of R, XC and phase angle observed during normal uneventful hemodialysis probably indicates improvement of cellular activities due to the depurative treatment. On the contrary, the transient reduction of XC and phase angle observed during hypotensive crisis may be an expression of cellular distress because of too rapid ultra-filtration. . 
ASSESSMENT OF REFIL AND HYPOVOLEMIABY CONINTUOUS SURVEILLANCE OF BLOOD VOLUME AND EXTRA-CELLULAR FLUID VOLUME
H.J. Gogaard, J.P.P.M. de Vries (*), P.M.J.M. de Vries
SUMMARY
During renal replacement therapy hypovalaemia due to ultra-filtration (UF) may, when no t sufficiently counteracted by refilling from the interstitium, result in hypotension. Combining two recently developed methods the haemodynamic process of refill was studied in order to find characteristics featuring hypotension. Blood volume (BV) and extra-cellular fluid volume (EFV) were measured continuously in 40 stable haemodialysis patients by means of an optical and a conductivity technique respectively. Regarding their post-dialytic (PD) EFV the patients were divided into three groups: non-hydrated (N, n=20), dehydrated (D, n=11) and over-hydrated (0, n=9). Significant differences between the groups were assessed in BV decrease (after 2 hours p<0.05 and after 3 hours p<0.01), EFV decrease (after 3 hours p<0.05 and occurrence of hypotensive episodes (N:5, D:7, 0:none, p<0.01). During the entire session the speed of BV decrease was significantly higher in hypotensive patients (H) than in non-hypotensive patients (non-H) and at the moment of hypotension (after 141+49 min), residual BV was less (p<0.0005) in H (87.7+5.17) than in non-H (96.5+4.0) at the corresponding moment. PD PV and PD EFV correlated in N (r=0.52, p<0.025), D (r=0.81, p<0.005) and H (r=.071, p<0.01.) UF-volume (differences between the groups were not significant) correlated to EFV decrease (r=0.45, p<0.005). In conclusion, the combination of both non-invasive methods elucidates the physiology of refill and pathophysiology of UF induced hypotension and provides a means of reducing dialysis morbidity. . .
. Departments of Internal Medicine and Medical Physics (*), Free University Hospital, Amsterdam, The Netherlands
WHOLE BODY IMPEDANCE MEASUREMENTS REFLECT TOTAL BODY WATER CHANGES. A STUDY IN HEMODIALYSIS
Ljungqvist O. Hedenborg, G. Jacobson S.H. et al.
Fluid volume change during hemodialysis was monitored by continuous whole body impedance measurements. The fluid changes recorded using this method were compared to fluid volume changes measured in plasma water (PV) using 125I-albumin, and extra-cellular volume (ECV) using 51 Cr-EDTA before and after treatment, and total body water (TBW) changes reflected by continuous bed scale monitoring. Changes in impedance correlated to TBW changes, r=0.80, pz 0.001, while correlations in changes in ECV and PV were: r=0.57 and r=0.55 respectively, p<0.05. Alterations in body fluid volumes recorded with whole body impedance is best correlated to total body water changes. The use of continuous whole body impedance monitoring has been shown to offer a simple non-invasive method for recording total body water changes during hemodialysis. . . . Department of Surgery, Karolinska Institute and Hospital, 104 01 Stockholm SWE-INT. J. Clin. Montt Comut. 1990 7/3 (163-169) 
BIOELECTRICAL IMPEDANCE USED IN ASSOCIATION WITH ANTHROPOMETRY: EXPERIENCE IN A FIELD SURVEY OF UNDERPRIVILEGED GUATEMALAN CHIILDREN
Manolo MAZARIEGOS (1) Juan Carlos ROMERO-ABAL, Carlos Valdez, Carlos F. GRAZIOSO, and Noel W. SOLOMONS
ABSTRACT
Bioelectric impedance (BIA) has been proposed to be used to evaluate nutritional status in clinical settings; however, given its simplicity and portability, there is a potential for using this technique in filed settings that has not yet been explored. Accuracy and precision are differentially important with respect to: a) prediction for an individual; b) change within an individual; and c) description of a population. We have explored the latter two issues in a cross-sectional (n = 2,652) plus longitudinal (n = 542) study in preschool children in a peri-urban community in Guatemala City. Based on anthropometric indices, most of the children could be classified as having linear growth retardation, but with appropriate weight-for-height. BIA index (BI = Height 2 /R) showed a pattern of linear increase with age. Weight was the single most important variable that explained 80% of the variance in BI. When a subset of 542 children were re-evaluated at a one year follow-up, the expected increases in BI were seen. Their magnitude varied as a function of age and gender, ranging from 0.2 to 2.4 cm 2 /Ohm per year, with an average of 1 cm 2 /Ohm per year. . . . Age and nutrition, volume 5, n° 2, 1994) BEI is a sensitive clinical measure of BC providing specific quantitation of LBM/FM ratios in PD patients with unrecognized nutritional derangements. . . 
CLINICAL MEASURE OF LEAN BODY MASS BY BIOELECTRICAL IMPEDANCE IN PERITONEAL DIALYSIS PATIENTS
Henry Ford Hosptial, Detroit MI 48202
ASAIO JOURNAL 1993 THE ADJUSTMENT OF POST-DIALYTIC DRY WEIGHT BASED ON NON-INVASIVE MEASUREMENT OF EXTRACELLULAR FLUID VOLUME AND BLOOD VOLUME
ABSTRACT
One of the major problems in clinical practice of hemodialysis is an incorrect estimation of post-dialytic (PD) dry weight. Underestimation of dry weight leads to hypovolemia-induced hypotension. Overestimation to hypertension pulmonary edema and left ventricular hypertrophy. Due to insensitivity of clinical variables in order to estimate dry weight a more accurate technique is warranted.
For this purpose and for the continuous surveance of changes in blood volume (BV) during hemodialysis two non-invasive techniques were applied. Based on post-dialytically obtained extra-cellular fluid volume (EFV) values, measured by means of a conductivity method, 30 stable hemodialysis patients were divided into three groups for further analysis: de-(n=9), normo-(n=15), and over-hydrated (n=6). Using an on-line optical reflection method, changes in BV were measured continuously during therapy. Mean BV decrease, corrected for UF, differed slightly between three groups (0=1.84± 2.06, N=3.20±1.80, D=4.20±1.60 % /L). However, eight hypotensive episodes occurred in group D versus none in group N and O. These hypotensive episodes were characterized by a greater reduction of BV corrected for ultrafiltration from the start of treatment until the moment of hypotention (6.96±2.21 % /L) compared to the 22 non-hypotensive controls (2.16±2.01 % /L, P<0.001). Based on the PD EFV dry weight of the over-hydrated patients were decreased respectively increased by 500 g each following session, until PD EFV was within normal bounds. After adjustment of dry weight and BV fall tended to be lower in the D group, whereas the hypotension frequency decreased significantly (54±22 vs 14±13 %, P<0.025).
These data suggest that non-invasive measurement of PD EFV and continuous monitoring of changes in BV can assist in an accurate estimation of dry weight and a reduction of hypovolemia-induced-hypotension. . . . . Department of Internal Medicine and Medical Physics, Free University Hospital, and Diatel. Amsterdam, The Netherlands 
USE OF BIOELECTRICAL IMPEDANCE (BEI) FOR THE NUTRITIONAL FOLLOW UP OF CHRONIC HEMODIALYSIS PATIENTS
Francis Dumler, Rebecca Schmidt*, Tom Lubkowski*, Stan Frinak*, and Christina Kilates* Although malnutrition poses a significant risk factor to the well being of chronic hemodialysis patients, (CHD), their nutritional assessment is usually empirical. Our previous work with BEI assessment of body composition in 103 CHD showed body fat content (FM) by BEI matched values obtained by the skin fold method (29+11 vs 29+9% respectively). Total body water content (TBW) by BEI closely correlated with results of anthropometric (R=0.957; P=0.0001) and urea kinetic modeling (R=0.096; P=0.0001. Techniques.
We have now prospectively studied body composition by BEI in 52 patients (mean age 59 + 14 years) followed for 8.3 + 3.6 months. When defined by deviation from ideal body weight (IBW), BEI correctly discriminated between weight (<2.5% of IBW) and overweight (2>2.5% of IBW) patients in terms of FM (22 +11% vs 33+ 9%; P=0.0009). LBM (80 + 8% vs 67 + 10%; P=0.0019 and TBW (59 + 5% vs 49 + 7%; P=0.001) respectively. Serial body weights longitudinally did not correlate with changes in LBM as measured by BEI. While 19% of patients lost body weight, 35% lost LBM; only 28% with decreasing LBM lost weight as measured post dialysis. An increase in LBM was observed in 25% of patients; of these only 46% gained post dialysis body weight. Most striking is the contrast between the patients who showed no change in LBM and BEI and those whose body weight remained neutral (13% vs 58%).
BEI is a most sensitive clinical tool for assessing changes in LBM in hemodialysis patients. . . . .Henry Ford Hospital, Detroit, MI 48202 
"NUTRITIONAL ASSESSMENT USING BIOELECTRICAL IMPEDANCE ANALYSIS (BIA) IN CHRONIC HEMODIALYSIS (HD) PATIENTS"
GM Chertow, EG Lowerie, DW Wilmore, J. Gonzalez, MN Gottlieb, MS LeBoff, NL Lew, W Huang, B Zebrowski, JM Lazarus, Brigham & Women's Hosptial, National Medical Care, Harvard Medical School, Boston, MA Protein energy malnutrition (PEM) effects a large proportion of HD patients. Body Cell Mass (BCM), a valid measure of nutritional status, can be estimated by whole body potassium, or a combination of Dual-Energy-X-RayAbsorpiometery(DEXA) and Deuterium Oxide(D2O) and Sodium Bromide(NaBr) dilution(D). BIA is an accurate, non-invasive method of measuring Total Body Water (TBW) using Resistance(R) and Reactance(Xc) to a high frequency, low-amplitude electrical current, but has not been validated in the nutritional assessment of HD patients. We evaluated 28 chronic HD patients with simultaneous DEXA, D2O, NaBr and BIA (age 57 +/-11years, 50% female, 50% non-white, 25% diabetic, body weight 73.5 +/-18.1 kg range, 44-116 kg. Mean +/-SD) DEXA-D BIA Spearman r P TBW 41.6 +/-10.8 38.4 +/-9.9 0.98 <0.0001 BCM 32.9 +/-9.8 26.9 +/-6.6 0.92 <0.0001
As expected, TBW by BIA was strongly correlated with TBW by D2O. DEXA -dilutional BCM was calculated: DEXA total weight -DEXA bone mass -DEXA fat mass -NaBr(ECW). BCM by BIA was calculated by proprietary software ("Fluid & Nutrition Analysis: version 3.0, RJL Systems, Clinton Twp. MI) BIA BCM was also strongly correlated with DEXA-D BCM, but modestly underestimated. The ECW/TBW ratio by NaBr: D2O dilution was 0.34 +/-0.04; this was strongly correlated with the Xc/R ratio(r=0.77,P<0.0001).
Conclusions: HD patients are prone to accumulation of ECW and to loss of visceral and somatic protein stores, which contribute to morbidity and mortality. Measurements of changes in body weight or Lean Body Mass (LBM) may be insensitive to the development of PEM or ECW overload in HD patients. Nutritional assessment in HD patients should focus on BCM rather than LBM. The Xc/R ratio may aid in the recognition of ECW excess in HD patients. A. Henriquez, Alfredo Gonzalez, James A. Bemis, 1 
BODY COMPOSITION AND LIPID ABNORMALITIES IN HISPANIC AND BLACK PATIENTS ON CONTINUOUS AMBULATORY PERITONEAL DIALYSIS
Mario
and Jorge Esquivel
Cardiovascular disease is the leading cause of death in patients undergoing maintenance dialysis. This study was undertaken to evaluate the lipid abnormalities and body composition by bioelectrical impedance in patients receiving continuous ambulatory peritoneal dialysis (CAPD). The patients were between the ages of 28 and 77 and had been on dialysis for periods ranging from 6 -48 months. Body composition studies performed by electrical impedance showed tha t the CAPD patients generally had elevated levels of body fat ratios of more than 1.0, and lean tissue was decreased. Serum chemistries showed that most of the patients had waist-to-hip fat ratios of more than 1.0, and lean tissue was decreased. Serum chemistries showed that most of the patients had albumin levels less than 3.5 g/dL. Postoperative fluid and nutritional management are commonly guided by changes in body weight (∆WT); however, ∆WT inaccurately represent changes in total body water. (∆TBW) when accompanied by rapid changes in body fat (BF) and protein (BP). Bioelectrical impedance analysis (BIA), a technique whic h determines TBW, defines the proportion of ∆WT which is due to water, allowing the combined change in BF and BP to be determined by subtraction. To investigate the relationship between ∆WT and ∆TBW, 7 lung transplant recipients were followed until discharge. Daily BIA measurements were used to determine ∆TBW which was compared to ∆WT. In two of the patients, cumulative caloric and nitrogen balance were used to determine the change in BF and BP; subtracting these from ∆WT gave an alternative measure of ∆TBW, which was compared to that obtained by BIA. Data represent rates of change over 7 days for the patients, who were generally stable, during the first two weeks following operation (mean±SEM). Determination of the combined change in BF and BP by balance verified the determination of TBW by BIA and explain all but 0.16 kg of ∆WT. Over the one week period a mean loss of 1.5 kg was observed, as opposed to a mean TBW gain of nearly 1 liter. Over a three week period, the tendency for fluid retention became even more pronounced with a maximum water gain of 5.1±0.57 liters and a corresponding weight gain of 2.5±0.69 kg. The data suggest that ∆WT inaccurately reflects changes in hydration in complex catabolic patients and masks the loss of body tissue.. Serial BIA offers a more sensitive index of measuring the fluctuations in TBW and , when used in combination with ∆WT, can more accurately define the severity of a catabolic response and assess the appropriateness and nutritional intervention.
BODY COMPOSITION ANALYSIS BY WHOLE-BODY IMPEDANCE PLETHYSMOGRAPHY FOR THE ASSESSMENT OF FLUID & NUTRITION IN HEMODIALYSIS (END-STAGE-RENAL-DISEASE)
Recommendations from the National Institutes of Health Consensus Development Conference on Morbidity and Mortality of Dialysis (NIH Consensus Statement, Volume 11, Number 2, November 1-3, 1993) include; 1) quantitative methods are needed to objectively evaluate the relationship between the delivered dose of dialysis and morbidity and mortality. 2) factors contributing to the under/over-dialysis include dialysis does adherence and under-prescription. 3) early detection and treatment of malnutrition contribute to improved survival of patients on dialysis. 4) linking direct reimbursement for nutritional care to outcomes should be explored. 5) newer techniques such as bio-impedance analysis offer promise for ease, reproducibility and accuracy for assessing states of fluid overload and nutrition status.
Bioelectrical impedance analysis is a simple, inexpensive and non-invasive technique to assess body composition. The measurement is completed with two pair of surface electrodes placed in relation to anatomical landmarks at the wrist and ankle. A harmless low-voltage, high-frequency electrical signal is used to establish an electrical field with the patient becoming the circuit. Outcomes can be documented as to the adjustment of post-dialytic dryweights, prevention of hypotensive complications, nutrition assessment and treatment. Standardization of therapies, comparison of response rates, treatment intervention effectiveness, co-morbid episode management are also affected by impedance assessment. Morbidity and mortality impact can be documented.
Present reimbursement is through standard CPT codes, 93720, 93721, 93722 from Medicare, Medicaid and private carriers. The reimbursed amount varies from state to state from $40.00 to $120.00. The value is set to "normalize" in 1996 to $60.00 per evaluation. Case managers generally allow studies to be paid for every two-weeks during acute care phases, TPN treatment and less frequently when the patient is stable. The disposable cost incurred per study is approximately less than $1.00.
Use of multi-frequency bioelectrical impedance analysis for the estimation of extra-cellular fluid
Van Loan MD; Mayclin PL Thomasset (Lyon Medicine (1962): 207, 107-118; (1963 ) : 209, 1325 -1350 (1965): 214, 131-143) and others suggested that lowfrequency impedance measurements could be used to estimate extra-cellular fluid and that high-frequency measurements could be used for the assessment of total body water. It was the purpose of this study to examine the relationship between body fluid compartments and multi-frequency bioelectrical impedance analysis (MF-BIA). Total body water (TBW) and extra-cellular fluid (ECF) were measured using deuterium and sodium bromide dilution procedures. Intracellular fluid volume (ICF) was calculated as the difference between TBW and ECF. A tetrapolar arrangement of surface electrodes was used to measure whole-body resistance (R), reactance (Xc), impedance (Z), and phase angle (P) at 25 frequencies ranging from 1 kHz to 1.35 MHz. Subjects (n = 60; 40 male and 20 female) were between the ages of 19 and 65 years. Mean ratios (+/-SEM) of ECF / ICF and ECF / TBW were 0.83 +/-0.021 and 0.45 +/-0.011, respectively. Individuals with the largest fat-free mass (FFM) had the highest ECF value. Whole-body resistive index values most correlated to ECF were at 224, 300, 400, 548 and 1 kHz with correlations ranging from 0.93 to 0.84. All possible subset regression analysis was used to develop a prediction equation for ECF: R2 = 0.9322*WT) -(1.3962*SEX), where RI = resistive index (HT2/R) at the specific frequency of 224kHz; WT = weight in kilograms; sex was dummycoded, males = 0, females = 1. . . . . Eur J Clin Nutr, 1992, Feb; 46(2) 
ABSTRACT
Purpose of the Tests: Bio-electrical impedance analysis is a method of determining total body water (TBW), fat free mass (LBM), body fat, body cell mass (BCM) and extra cellular mass (ECM). To determine whether a loss of body cell mass is apparent in the early stages of HIV infection, we used BIA to test 195 patients in various stages of HIV infection (Frankfurt classification) and compared the data with the test results of 340 normal population.
Methodology:
BIA, thru resistance measurements, indicates total body water. From that lean body mass (LBM) can be calculated. The phase angle of BIA indicates the difference of LBM/ BCM and ECM. Compared was the body weight (kg), body mass index (BMI), body cell mass (BCM) and ECM/BCM ratio of (n -340) healthy males with HIV infected patients (n = 195) in various states.
Results: HIV infected patients in comparison to the normal population indicated already in state 2a of their disease a significantly lower body cell mass with a comparable body weight and BMI. The reduction of BCM with a sustained or increasing ECM is indicated in the BIA measurements by a significantly lower phase angle and an increase of ECM/BCM ratio. 
